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1 . A system for reducing harmonics in a circuit, the circuit being powered by a main three 
phase power source having a main three phase voltage set, each main phase voltage having a 
main voltage amplitude and a main voltage phase, the system comprising: 
5 main rectifier means; 

auxiliary rectifier means connected to the main rectifier means; and 
an autotransformer connected to the main rectifier means and the auxiliary rectifier 
H means, the autotransformer adapted to generate a set of auxiliary voltages, each auxiliary voltage 
H having an auxiUary voltage amplimde and phase, the auxiliaiy voltage am^ 
1% between .70 and .75 times the main voltage amplitude, and the auxiliary voltage phase ranging 

'>J 

HI between 55 and 65 degrees out of phase with the main voltage phase, whereby twelve pulse 

^. 

El rectification is achieved. 

If 2. The system of claim 1 , wherein the autotransformer comprises: 

a plurality of primary windings connected in a delta configuration; and 
a plurality of secondary windings, each of the secondary windings being electrically 
5 connected to a primary winding and magnetically coupled to a different primary winding. 

3 . The system of claim 2, wherein the plurality of primary windings comprises a first 
primary winding, a second primary winding and a third primary windmg, and the plurality of 
secondary windmgs comprises a first secondary winding, a second secondary vraiding and a third 
5 secondary winding, and wherein the first secondary winding is electrically connected to the first 
primary winding and magnetically coupled to the third primary winding, the second secondary 
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winding is electrically connected to the second primary winding and magnetically coupled to the 
first primary winding, and the third secondary winding is electrically connected to the thhd 
primary winding and magnetically coupled to the second primary winding. 

4. The system of claim 1 , further comprising a main choke connected between the 
autotransformer and the main rectifier means and an auxiliary choke connected between the 
autotransformer and the auxiliary rectifier means. 

5 . The system of claim 1 , further comprising a choke connected between the power source 
and the autotransformer. 

6. The system of claim 2, wherein the main rectifier means and the auxiliary rectifier means 
are three phase diode bridges, each having ac input means and dc output means such that the ac 
input means of the main diode bridge is connected to the main power source via the primary 
windings of the autotransformer, the ac input means of the auxiliary diode bridge is connected to 
the secondary wmdings of the autotransformer, and the dc output means of the main diode bridge 
and the auxiliary diode bridge are connected in parallel. 

7. The system of claim 1, wherein the main rectifier means has a mam rectifier power and 
the auxiliary rectifier means has an auxiliary rectifier power such that the main rectifier power 
and the auxiliary rectifier power are not substantially equal. 
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8. The system of claim 1 , wherein the system is adapted to connect to a load having a load 
power, and wherein the main rectifier power is at least seventy-five percent of the load power. 

9. A system for reducing harmonics in a circuit, the circuit being powered by a main three 
phase power source having a main three phase voltage set, each main phase voltage having a 
main voltage amplitude and a main voltage phase, the system comprising: 

5 main rectifier means; 

M first auxiliary rectifier means connected to the main rectifier means; 

0 second auxiliary rectifier means connected to the main rectifier means and the first 

\| 

^5 auxiliary rectifier means; and 

Si 

H n an autotransformer connected to the main rectifier means, the first auxiliary rectifier 

IICI means, and the second auxiliary rectifier means, the autotransformer adapted to generate a first 
and second set of auxiliary voltages, each first set of auxiliary voltages having a first auxiliary 



fll 



4 

voltage amplitude and a first auxiliary voltage phase and each second set of auxiliary voltages 

III 

having a second auxiliary voltage amplitude and a second auxiliary voltage phase, the first and 
second auxiliary voltage amplitude ranging between .73 and .78 times the main voltage 
1 5 amplitude, and the first auxiliary voltage phase ranging between 35 and 40 degrees leading with 
respect to the main voltage phase, and the second auxiliary voltage phase being between 35 and 
40 degrees lagging with respect to the mam voltage phase, whereby eighteen pulse rectification is 
achieved. 



10. The system of claim 9, wherein the autotransformer comprises: 

a plurality of primary windings connected in a delta configuration; and 
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a plurality of secondary windings, each of the secondary windings being electrically 
connected to a primary winding and magnetically coupled to a different primary winding. 

1 1 . The system of claim 1 0, wherein the plurality of primary windings comprises a first 
primary windmg, a second primary winding and a third primary winding, and the plurality of 
secondary windings comprises a first secondary winding, a second secondary winding, a third 
secondary winding, a fourth secondary winding, a fifth secondary winding and a sixth secondary 
winding, and wherein the first secondary winding is electrically connected to the first primary 
winding and magnetically coupled to the third primary winding, the second secondary winding is 
electrically connected to the second primary winding and magnetically coupled to the first 
primary winding, the third secondary winding is electrically connected to the third primary 
winding and magnetically coupled to the second primary winding, the fourth secondary winding 
is electrically connected to the first primary winding and magnetically coupled to the second 
primary winding, the fifth secondary winding is electrically connected to the second primary 
winding and magnetically coupled to the third primary winding, and the sixth secondary winding 
is electrically connected to the third primary winding and magnetically coupled to the first 
primary winding. 

12. The system of claim 9, fiirther comprising a main choke coimected between the 
autotransformer and the main rectifier means, a first auxiliary choke connected between the 
autotransformer and the first auxiliary rectifier means, and a second auxiliary choke coimected 
between the autotransformer and the second auxiliary rectifier means. 
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13, The system of claim 9, fiirther comprising a choke comiected between the power source 
and the autotransformer. 

1 4. The system of claim 9, wherein the main rectifier means, the first auxiliary rectifier 
means and the second auxiliary rectifier are three phase diode bridges, each having ac input 
means and dc output means such that the ac input means of the main rectifier means is connected 

5 to the main power source via the primary winduags of the autotransformer, the ac input means of 
the first auxiliary rectifier means is coimected to the first, second and third secondary windings of 
y the autotransformer, the ac input means of the second auxiliary rectifier means is connected to 



•^1 



the fourth, fifth and sixth secondary windings of the autotransformer, and the dc output means of 



^■^i the main diode bridge, the first auxiliary diode bridge, and the second auxiliary diode bridge are 

m 

10^ connected in parallel. 

CI 
HI 

M 

1 5. The system of claim 9, wherein the main rectifier means has a mam rectifier power, the 
first auxiliary rectifier means has a first auxiliary rectifier power, and the second auxiliary 
rectifier means has a second auxiliary rectifier power such that the main rectifier means power is 

5 not substantially equal to either the first or second auxiliary rectifier means power, 

16. The system of claim 15, wherein the system is adapted to connect to a load having a load 
power, and wherein the main rectifier power is at least 66 percent of the load power. 



1 7. The system of claim 16, wherem the remainder of the load power is shared substantially 
equally between the first auxiliary rectifier means and the second auxiliary rectifier means. 

1568975 - 31 - 



18. A system for reducing harmonics in a circuit, comprising: 
main rectifier means having a main rectifier means power; 

auxiliary rectifier means having an auxiliary rectifier power and connected to the main 
rectifier means; and 

an autotransformer connected to the main rectifier means and the auxiliary rectifier 
means, the autotransformer being adapted to generate a set of auxiliary voltages such that the 
main rectifier power is not substantially equal to the auxiliary rectifier power. 

1 9. A system for reducing harmonics in a circuit, comprising: 
main rectifier means having a main rectifier means power; 

first auxiliary rectifier means having a fu:st auxiliary rectifier power and connected to the 
main rectifier means; 

. second auxiliary rectifier means having a second auxiliary rectifier power and connected 
to the main rectifier means and the first auxiUary rectifier means; and 

an autotransformer connected to the main rectifier means, the first auxiliary rectifier 
means, and the second auxiliary rectifier means, the autotransformer being adapted to generate a 
set of auxiliary voltages such that the main rectifier power is not substantially equal to either the 
first or second auxiliary rectifier power. 

20. An autotransformer for use in reducing harmonics in a circuit having a main three phase 
voltage set, each main phase voltage having a main voltage amplitude and a main voltage phase, 
the autotransformer comprising: 
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5 a plurality of primary windings connected in a delta configuration; and 

a plurality of secondary windings, each of the secondary windings being electrically 
connected to a primary winding and magnetically coupled to a different primary winding, 
whereby a set of auxiliary voltages is generated, each auxiliary voltage having an auxiliary 
voltage amplitude and phase, the auxiliary voltage amplitude ranging between .70 and .75 times 

1 0 the main voltage amplitude, and the auxiliary voltage phase bemg between 55 and 65 degrees out 
of phase with the main voltage phase. 

Q 

Q 21. The autotransformer of claim 20, wherein Ihe plurality of primary windin 

f! first primary winding, a second primary winding and a third primary winding, and the plurality of 

I f5 secondary windings comprise a first secondary winding, a second secondary winding and a third 
gl secondary winding, and wherein the first secondary winding is electrically connected to the first 

II •?! 

0 primary winding and magnetically coupled to the third primary winding, the second secondary 

%| 

5; winding is electrically connected to the second primary winding and magnetically coupled to the 

ill. 

first primary winding, and the third secondary winding is electrically connected to the third 
primary winding and magnetically coupled to the second primary winding. 

22. An autotransformer for use in reducing harmonics in a circuit having a main three phase 
voltage set, each main phase voltage having a main voltage amplitude and a main voltage phase, 
the autotransformer comprising: 
5 a plurality of primary windings connected in a delta configuration; and 

a plurality of secondary windings, each of the secondary windings being electrically 
connected to a primary winding and magnetically coupled to a different primary winding, 
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whereby a first and second set of auxiliary voltages is generated, each first set of auxiliary 
voltages having a first auxiliary voltage amplitude and a first auxiliary voltage phase and each 
1 0 second set of auxiliary voltages having a second auxiliary voltage amplitude and a second 
auxiliary voltage phase, the first and second auxiliary voltage amplitudes ranging between .73 
and .78 times the main voltage amplitude, the first auxiliary voltage phase ranging between 35 
and 40 degrees leading with respect to the main voltage phase, and the second auxiliary voltage 
phase ranging between 35 to 40 degrees lagging with respect to the main voltage phase. 

p 23 . The autotransformer of claim 22, wherein the plurality of primary windings comprise a 
H first primary winding, a second primary winding and a third primary winding, and the plurality of 
^ secondary windings comprise a first secondary winding, a second secondary winding, a third 
5 p secondary v^dnding, a fourth secondary winding, a fifth secondary winding and a sixth secondary 
Q wmding, and wherein the first secondary winding is electrically connected to the fu-st primary 
|J winding and magnetically coupled to the third primary winding, the second secondary winding is 
electrically connected to the second primary winding and magnetically coupled to the first 
primary winding, the third secondary winding is electrically connected to the third primary 
1 0 winding and magnetically coupled to the second primary winding, the fourth secondary winding 
is electrically connected to the first primary winding and magnetically coupled to the second 
primary windmg, the fifth secondary winding is electrically connected to the second primary 
winding and magnetically coupled to the tiiird primary winding, and the sixth secondary winding 
is electrically connected to the third primary winding and magnetically coupled to the first 
1 5 primary winding. 
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24. A method of reducing harmonics in a circuit, the circuit being powered by a main three 
phase power source having a main three phase voltage set, each main phase vohage having a 
main vohage amphtude and a main voltage phase, the method comprismg: 

connecting a plurality of primary windings in a delta configuration; and 
connectmg a plurality of secondary windings to the plurality of primary windings, each of 
the secondary windings being electrically connected to a primary winding and magnetically 
coupled to a different primary winding such that the autotransformer generates a set of auxiliary 
voltages, each auxiUary voltage having an auxiliary voltage amplitude and phase, the auxiliary 
voltage amplitude ranging between ,70 and .75 times the main voltage amplitude, and the 
auxiliary voltage phase ranging between 55 and 65 degrees out of phase with the mam voltage 
phase 

25. The method of claim 24, wherein the plurality of primary windings comprises a first 
primary winding, a second primary winding and a third primary winding, and the plumlity of 
secondary windings comprises a first secondary winding, a second secondary vmiding and a third 
secondary winding, and wherein the step of connecting the plurality of primary windings to the 
secondary windings further comprises: 

electrically connecting the first secondary vending to the first primary winding; 
magnetically coupling the first secondary winding to the third primary winding; 
electrically connecting the second secondary winding to the second primary winding; 
magnetically coupling the second secondary winding to the first primary winding; 
electrically connecting the third secondary winding to the third primary winding; and 
magnetically couplmg the third secondary winding to the second primary winding. 
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26, A method of reducing harmonics in a circuit, the circuit being powered by a main three 
phase power source having a main three phase voltage set, each main phase voltage having a 
main voltage amplitude and a main voltage phase, the method comprising: 
5 connecting a plurality of primary windings in a delta configuration; and 

connecting a plurality of secondary windings to the plurality of primary windings, each of 
the secondary wmdings being electrically connected to a primary winding and magnetically 
H coupled to a different primary wdnding such that the autotransformer generates a first and second 
^ set of auxiliary voltages, each first set of auxiliary voltages having a first auxiliary voltage 
Kk^ amplitude and a first auxiliary voltage phase and each second set of auxiUary voltages having a 

4 

HI second auxiliary voltage amplitude and a second auxiliary voltage phase, the first and second 

O auxiliary voltage amplitudes ranging between J3 and .78 times the main voltage amplitude, the 

■ fil ■ 

^\ first auxiliary voltage phase ranging between 35 and 40 degrees leading with respect to the main 
p'j voltage phase, and the second auxiliary voltage phase ranging between 35 and 40 degrees lagging 
15 with respect to the main voltage phase. 



27. The method of claim 26, wherein the plurality of primary windings comprises a first 
primary winding, a second primary winding and a third primary winding, and the plurality of 
secondary windings comprises a first secondary winding, a second secondary winding, a third 
5 secondary winding, a fourth secondary winding, a fifth secondary winding and a sixth secondary 
winding, and wherein the step of connecting the plurality of primary windings to the secondary 
windings fiirther comprises: 

electrically connecting the first secondary winding to the first primary winding; 
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magnetically coupling the first secondary winding to the third primary winding; 
electrically connecting the second secondary winding to the second primary winding; 
magnetically coupling the second secondary winding to the first primary winding; 
electrically connecting the third secondary winding to the third primary winding; 
magnetically coupling the third secondary winding to the second primary winding; 
electrically connecting the fourth secondary winding to the first primaiy winding; 
magnetically coupling the fourth secondary winding to the second primary winding; 
electrically connecting the fifth secondary winding to the second primary winding; 
magnetically coupling the fifth secondary winding to the third primary winding;* 
electrically connecting the sixth secondary winding to the third primary winding; and 
magnetically coupling the sixth secondary winding to the first primary winding. 

28. An autotransformer-based 2n-pulse rectification system having n phases and being 
powered by a main three phase power source having a main three phase voltage set, each main 
three phase voltage set having a main voltage amplitude and a main voltage phase, the system 
comprising: 

main rectifier means; 

^ - 1 j auxiliary rectifier means connected to the main rectifier means; and 

an autotransformer connected to the main rectifier means and the auxiliary rectifier 
means, the autotransformer adapted to generate ^ - ij auxiliary voltage sets, each auxiliary 

voltage set having an auxiliary voltage amplitude, k, and an auxiliary voltage phase, a , wherein 
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k = ^4 + 2V3cos(e-^) and wherein a =sm'( ^^'^^ "^'^ ) assuming a main voltage 

amplitude of one and a main voltage phase of ninety degrees, wherein 9 == and its integral 

n 

multiples for all possible real values of k. 



29. The system of claim 28, wherein the autotransformer comprises: 

a plurality of primary windings connected in a delta configuration; and 

(n-3) secondary windings, each of the secondary windings being electrically coimected to 

a primary winding and magnetically coupled to a different primary winding. 



30. The system of claim 28, further comprising a main choke connected between the 

auxiliary chokes connected between the 



lU autotransformer and the main rectifier means and 
autotransformer and the n auxiliary rectifier means 



3 1 . The system of claim 28, further comprising a choke connected between the power source 
and the autotransformer. 



32. The system of claim 29, wherein the main rectifier means and the ( - - 1 



auxiUary 

J 



rectifier means are three phase diode bridges, each having ac input means and dc output means 
such that the ac input means of the main diode bridge is connected to the main power source via 
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( n ^ 

the primary windings of the autotransformer, and the ac input means of each — 1 



auxiliary 



diode bridge is connected to the secondary windings of the autotransformer, and the dc output 



means of the main diode bridge and each — 1 auxiliary diode bridge are connected in parallel 

U ) 



33 . An autotransformer-based 2n-pulse rectification system havmg n phases for connection to 
a load having a load power, comprising: 

n 4" 3 

main rectifier means having a main rectifier power rating, Pmdb, wherein Pmdb ^ ( ) 

- - 2n 

times the load power; 
(n \ 

— 1 auxiliary rectifier means connected to the main rectifier means and having an 
V3 ) 

3 

auxiliary rectifier power rating, Pauxdb^ wherein Pauxdb ^{ — ) times the load power; and 

2n 

an autotransformer connected to the main rectifier means and the auxiliary rectifier 

means. 



34. The system of claim 33, wherein the autotransformer comprises: 

a plurality of primary windings connected in a delta configuration; and 

a plurality of secondary windmgs, each of the secondary windings being electrically 

connected to a primary winding and magnetically coupled to a different primary winding. 
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III 



35. The system of claim 33, further comprising a main choke connected between the 
autotransformer and the main rectifier means and ^ - ij auxiliary chokes connected between the 

autotransformer and the 1 ^ - 1 1 auxiliary rectifier means. 



36. The system of claim 33, fiirther comprising a choke connected between the power source 
and the autotransformer. 

37. The system of claim 34, wherein the main rectifier means and the n auxiliary rectifier 
means are three phase diode bridges, each having ac input means and dc output means such that 
the ac input means of the main diode bridge is connected to the main power soxirce via the 



primary windings of the autotransformer, and the ac input means of each ^ - 1 j auxiliary diode 

"hi 

I^" bridge is connected to the secondary windings of the autotransformer, and the dc output means of 

fn ^ 

the main diode bridge and each - - 1 auxiliary diode bridge are connected in parallel. 

v3 j 
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